ABSTRACT: Eight patients with myotonic dystrophy underwent comprehensive neuropsychological testing and overnight polysomnography to assess whether the waking cognitive impairment might be attributable to sleep structure abnormalities or to sleep-related respiratory problems. Patients showed substantial neuropsychological deficits, fragmented nocturnal sleep and, in half the patients, sleep apnea and/or hypopnea both mainly of central type. There was no statistically significant correlation between the degree of daytime cognitive deficit and the degree of sleep fragmentation or of respiratory problems at night. It was concluded that the neuropsychological deficit in mytonic dystrophy cannot be attributed to a secondary effect of nocturnal sleep apnea or sleep disruption but probably represents a direct effect of CNS lesions. RESUME: Deficit neuropsychologique et sommeil dans la dystrophic myotonique Huit malades atteints de dystrophic myotonique ont ete etudies au moyen d'une batterie de tests neuropsychologiques et de la polysomnographie nocturne pour determiner si le deficit cognitif qui existait pouvait etre attribue a une deterioration de la structure du sommeil ou a des difficultes respiratoires au cours du sommeil. On a demontre chez les malades des problemes neuropsychologiques significatifs de meme qu'un sommeil nocturne tres fragmente et, dans la moitie des cas, des apnees et/ou des hypopnees du sommeil, surtout de type central. II n'existait aucune relation significative entre le degre du deficit cognitif et le degre de la fragmentation du sommeil ou des difficultes respiratoires nocturnes. Nous concluons que le deficit neuropsychologique dans la dystrophie myotonique n'est pas un effet secondaire de la perturbation du sommeil ou de l'apnee nocturne, mais qu'il est probablement une consequence directe de lesions du systeme nerveux central.
Diagnostic polysomnograms in myotonic dystrophy have shown various degrees of sleep disturbance and sleep-related respiratory problems which might be the basis of the neuropsychological deficit. To date 35 patients have been reported. Coccagna et al 4 -5 described 6 patients, 2 of whom had significant amounts of central sleep apnea or hypopnea with excessive daytime sleepiness and also exhibited sleep onset REM periods (SOREMPs). Goldenberg and collaborators, 6 -7 on the other hand, recorded 15 patients with 11 having sleep apnea which most frequently (in over 50%) was of obstructive type. Of 6 subjects reported by Guilleminault and colleagues, 8 - 9 2 had sleep apnea of both obstructive and central types which was associated with daytime sleepiness. Finally, Cirignotta et al 10 more recently reported 8 further patients, 6 of whom had sleep apnea or hypopnea which in all cases was central in origin.
In none of these studies has cognitive function been assessed. This is surprising in that neuropsychological deficits have been well documented in a number of sleep disorders and especially in apneic patients without myotonic dystrophy. Heavy snoring males, a group known to have a high incidence of obstructive sleep apnea (O.S.A.), have been shown to have neuropsychological deficits compared to controls." 1 2 Patients with O.S.A. whose respiratory indices have been documented during sleep exhibit a global neuropsychological deficit 13 -14 which has been correlated with degree of hypoxemia.
14 Others have found the degree of sleep fragmentation to be a greater predictor of cognitive problems in O.S.A. patients. 15 O.S.A. patients also have been documented to have both decreased performance on a driving simulator 1 6 and deteriorated mood, 1 7 both of which improved on nasal continuous positive airway pressure (N-CPAP). In another study, however, surgical treatment for O.S.A. did not improve mood or cognitive abilities. 18 The current study was undertaken in order to determine whether the level of daytime neuropsychological function in myotonic dystrophy patients would correlate with the degree of nocturnal sleep disruption and/or of sleep-related breathing problems. If so, intervention to improve night sleep quality or sleep-related respiratory difficulties might be expected to improve the cognitive problems from which these patients suffer.
METHODS

Subjects
Eight patients (5 male, 3 female) aged 15-55 years (mean 35.6, S.D. 14.4) participated in the study. Their duration of illness ranged from 1-45 years (mean 17.9, S.D. 14.1). The severity of illness was classified based upon intensity and location of motor weakness following a modified version of the system of Bundy 18 into grade 1 (severe facial and severe limb signs), grade 2 (severe facial and mild limb signs), grade 3 (mild facial and moderate limb signs) and grade 4 (mild facial and mild distal signs). Two subjects (nos. 2, 5) were grade 1,4 subjects (nos. 1, 3, 4, 8) were grade 2, 1 subject (no. 3) was grade 3, and I subject (no. 6) was grade 4. None of the patients was receiving active CNS medication at the time of the study. All underwent overnight polysomnography and a comprehensive neuropsychological examination.
Polysomnography
Overnight polysomnography included EEG (Fp2-Al, C4-A1, 02-A1, Fpl-A2, C3-A2, 01-A2), right and left electro-oculogram (outer canthus to contralateral earlobe), submental EMG, upper airway air exchange (by thermocouple) from the right and left nostrils and mouth, chest and abdominal respiration (by Rcspitrace), right and left anterior tibialis EMGs and, in 4 patients, continuous transcutaneous p02 monitoring (Novametrix model 818 apparatus) the accuracy of which was controlled by blood gas determinations. Sleep stages were visually scored by Rechtschaffen-Kales criteria. 19 The sleep structure variables (N = 23) were: total sleep period (TSP) from sleep onset to morning awakening (min.); total sleep time (TST) with and without stage 1 (min.); sleep period efficiency with and without stage 1 (%); amount (min.) and percent of TSP in wakefulness after sleep onset (WASO), stages 1, 2, 3, 4 and REM sleep; numbers of REM periods, awakenings lasting over 1 minute and arousals (with alpha or EEG desynchronization) lasting 10 seconds or more; and latencies (min.) to sleep onset, SWS (initial stage 3) and REM sleep.
The numbers of central, mixed or obstructive apneas as well as of hypopneas >10 sec in duration were scored. During obstructive apneas total upper airway flow (thermocouple) ceased with continuation of respiratory effort and frequent paradoxical breathing between chest and abdomen (Respitrace). In central apneas both upper airway airflow and respiratory effort ceased. Mixed apneas were defined as a succession of central and obstructive patterns within the same apneic event. In hypopneas upper airway flow was transitorily reduced by more than 50% from immediately preceding baseline levels. In obstructive hypopnea respiratory effort continued, whereas in central hypopneas it was similarly reduced by more than 50%. The criteria are those in Guilleminault. 20 The respiratory variables (N = 8) included: number > 10 sec in duration of central, mixed and obstructive apneas, number of hypopneas, apnea index (no. apneas/hr. of sleep), apnea + hypopnea index (no. apneas + hypopneas/hr. of sleep), total apnea + hypopnea time (min.), and duration (min.) of hypoxemia with p 0 2 < 60 mm Hg.
Neuropsychological Testing
An extended neuropsychological test battery was administered in the original study reported elsewhere. 3 The tests in the present project were selected to provide a sampling of pertinent functions such as overall intelligence, memory, different aspects of attention, speed of information processing and verbal fluency. Neuropsychological tests were administered by trained neuropsychologists (DS, MK) and included the Wechsler Adult Intelligence Scale -Revised (WAIS-R); 21 25 To minimize fatigue in these handicapped patients, testing was normally completed in two sessions with 2-3 days between sessions. Each session lasted 2-3 hours and had adequate rest pauses.
The WAIS-R is a general test battery with a number of subtests sampling multiple psychological functions. A prorated full scale 1Q excluding the subtests of Comprehension, Picture Completion, Picture Arrangement and Digit Symbol was the dependent measure used.
The Digit Span is a subtest of the WAIS-R which comprises two subtests, Digit Forwards and Digit Backwards. Dependent measures were number of digits correctly answered forwards and backwards, and total number.
The Trail Making Test (TMT) is a visuo-motor tracking task requiring the subject to join as rapidly as possible by pen randomly located numbers in numerical sequence (part A) or in alternate numerical-alphabetical sequence (part B). The time in seconds required to complete each section A and B and total time were the dependent measures.
The Stroop test is a test of attention, concentration, and reading fluency. Subjects are presented with a card containing rows of three colour words (e.g., red, green, blue) printed in black and white, a card with colour patches (no words) arranged similarly to the "word" card, and then a combined word-colour interference card. With the first card the subject is requested to read the words row by row as rapidly as possible. With the second card the subject is asked to name the colours as quickly as possible. With the third (interference) card the subject is told that the three colour words will be presented in a different colour than the named colour and is requested to give the actual colour rather than the named colour as rapidly as possible. Dependent measures were the time in seconds to complete each of the three cards.
The F-A-S test is one of language ability and speech production. The subject is asked to produce words beginning with the letter "F", excluding names of people or places, for a duration of 60 seconds. This is repeated for the letters "A" and "S". The dependent measure is the total production of words across the three letters.
The Wechsler Memory Scale is a comprehensive memory test consisting of 7 subtests involving orientation, mental control, memory of stories, associate learning and other functions. The dependent measures analyzed included a mental control score and the derived Memory Quotient.
Statistics
In order to determine whether the neuropsychological capabilities could be secondary to sleep structure abnormalities or to respiratory problems in sleep, each performance variable was correlated with each sleep variable by bivariate Pearson produce moment correlations. 28 A total of 434 correlations were performed.
RESULTS
Sleep
Nocturnal sleep structure results are summarized in Tables 1  and 2 . It can be seen that myotonic dystrophy patients are very variable in their sleep architecture. As a group they showed overall long sleep latencies, high amounts of wakefulness after sleep onset, low sleep efficiencies, low amounts of stage 2 and REM sleep, reduced numbers of REM periods, and relatively normal amounts of SWS.
Their respiratory measures (Table 3) were also highly variable. Three patients had an apnea index over 10; and 4 had an apnea + hypopnea index over 20. Essentially all of the sleeprelated respiratory events were of central type, only patient 3 showing a small proportion of obstructive events. More than 30 minutes of significant hypoxemia (pC>2 < 60 mm Hg) was present in 2 of the 4 patients monitored by transcutaneous oximetry. In all 4 blood gas levels confirmed accuracy of the transcutaneous monitor.
Sleep histogram examples are shown of a patient (no. 3) with marked apnea and hypopnea mainly of central type (Figure 1) and of a patient (no. 5) with substantial sleep fragmentation but little respiratory difficulty in sleep (Figure 2 ).
Neuropsychological Tests
The results of the neuropsychological testing for the 14 variables derived from the tests are summarized in Table 4 . Again, considerable intersubject variability is evident. An IQ score on 
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the WAIS-R of less than 80 was chosen as the criterion for significant cognitive impairment. This indicated that 5 subjects were impaired and 3 were not.
Correlations
Of the 434 Pearson product moment correlations tested only 2 were significant at p < .01. The number of words on the Stroop test correlated positively with the apnea index (r = .87, p = <.005) and apnea + hypopnea index (r = .91, p = <.002). These correlations would suggest higher performance on this single measure with greater sleep-related respiratory difficulties. However, at a 1% confidence level at least 4 of the 434 correlations would be expected to be significant by chance. It is therefore apparent no significance can be attributed to the two correlations found. Because of sample size, no attempt was made to control for possible effects of age and eduction. DISCUSSION Sleep structure in myotonic dystrophy patients was found to be disrupted and abnormal. It was characterized by sleep fragmentation, short REM latencies and reduced REM amounts. These results largely confirmed those of others who have reported mostly low sleep efficiencies, high amounts of wakefulness after sleep onset, normal amounts of SWS and occasional sleep onset REM periods. 4 It is therefore evident that both main types of respiratory problems can occur in myotonic dystrophy. The obstructive events may in fact also be neural in origin, due to inadequate CNS control of upper airway muscle tone. 8 Unlike for obstructive sleep apneic patients without myotonic dystrophy, there was no strong correlation between degree of sleep disruption and the magnitude of respiratory problems in sleep. It is possible that CNS lesions, as well as muscular or respiratory causes, might be involved in the creation of their sleep fragmentation. Thalamic lesions have been shown to cause organic insomnia; 27 and cytoplasmic eosinophilic infiltrations have been documented in this subcortical area in myotonic dystrophy. 28 Two of our patients had severe nocturnal hypoxemia, which has also been described for myotonic dystrophy patients by Coccagna et al 4 and Guilleminault et al.
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The neuropsychological deficits found in this study support the cognitive difficulties described by others using similar tests.
1 -2 -3 Myotonic dystrophy patients as a group certainly perform normal-average. Yet, we found a wide range of cognitive abilities similar to the high interindividual variability in sleep and nocturnal respiratory measures. This is the first study to compare neuropsychological status with sleep variables in patients with myotonic dystrophy. Our major hypothesis that daytime cognitive function would reflect the degree of night sleep disturbance and/or of nocturnal respiratory problems was disconfirmed by the results. The 5 patients with significant cognitive deficit by WAIS-R were not necessarily those with greatest sleep disturbance or breathing problems in sleep. This result indicates that the sleep and cognitive difficulties in myotonic dystrophy are probably independent features of the disease. Perhaps each is related to lesions and/or dysfunction in different brain areas which vary from patient to patient. Because of this independence, treatment of sleep quality or of sleep-related respiratory problems would not be anticipated to lead to significant improvement in neuropsychological function in this patient group, although this remains to be directly tested.
